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ABSTRACT

The present disclosure involves an electronic apparatus for
programming an implantable medical device to provide a
stimulation therapy for a patient. The electronic apparatus
includes a user interface configured to communicate with a
user, a memory storage configured to store executable
instructions, and a computer processor configured to execute
the instructions to implement a plurality of safety controls.
The safety controls include: starting/stopping the stimulation
therapy by starting the stimulation therapy after a predefined
time delay but stopping the stimulation therapy instanta
neously; disabling programming of the electronic apparatus
and terminating any existing stimulation therapy in response
to a low-battery status of the electronic apparatus; adjusting a
value of a stimulation parameter of the stimulation therapy
one predetermined step at a time, each adjustment corre
sponding to a separate user input; and restricting a range in
which the user can set an upper limit and a lower limit of the
stimulation parameter.
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TOUCH SCREEN SAFETY CONTROLS FOR
CLINCAN PROGRAMMIER
BACKGROUND

0001. As medical device technologies continue to evolve,
active implanted medical devices have gained increasing
popularity in the medical field. For example, one type of
implanted medical device includes neurostimulator devices,
which are battery-powered or battery-less devices that are
designed to deliver electrical stimulation to a patient.
Through proper electrical stimulation, the neurostimulator
devices can provide pain relief for patients.
0002 An implanted medical device (for example a neuro
stimulator) can be controlled using an electronic program
ming device Such as a clinician programmer or a patient
programmer. These programmers can be used by medical
personnel or the patient to define the particular electrical
stimulation therapy to be delivered to a target area of the
patient’s body or alter one or more parameters of the electrical
stimulation therapy. Advances in the medical device field
have improved these electronic programmers. However,
existing electronic programmers may still have shortcomings
Such as insufficient safety control mechanisms.
0003. Therefore, although electronic programming
devices for controlling implanted medical devices have been
generally adequate for their intended purposes, they have not
been entirely satisfactory in every aspect.
SUMMARY

0004 One of the broader forms of the present disclosure
involves electronic device configured to program a medical
device implantable in a patient. The electronic device
includes: a touch screen display configured to communicate
with a user; a memory storage component configured to store
programming code; and a computer processor configured to
execute the programming code to perform the following
tasks: detecting a user input through the touch screen display,
wherein the detecting is performed at least in part by measur
ing an amount of time the touch screen display is engaged as
a part of the user input, determining whether the medical
device is running a treatment for the patient when the user
input is detected; instructing the medical device to stop the
treatment if the treatment is running, wherein the stopping of
the treatment is performed immediately after the user input is
detected; instructing the medical device to start the treatment
if no treatment is running and if the amount of time the touch
screen display is engaged as a part of the user input exceeds a
predetermined limit; instructing the medical device to per
form no treatment if the amount of time the touch screen

display is engaged as a part of the user input does not exceed
the predetermined limit; determining whether the electronic
device has a low-battery status; and implementing one of the
following measures in response to the low-battery status of
the electronic device: disabling programming of the elec
tronic device; stopping an ongoing treatment; and preventing
a prospective treatment.
0005. Another one of the broader forms of the present
disclosure involves a medical system. The medical system
includes: an implantable medical device configurable to
deliver a medical therapy to a patient, the medical therapy
including a plurality of configurable therapy parameters; and
an electronic programmer communicatively coupled to the
medical device, wherein the electronic programmer is pro

Mar. 6, 2014

grammable to configure the therapy parameters of the medi
cal therapy, and wherein the electronic programmer includes
a touch-sensitive user interface configured to perform the
following actions: displaying one or more virtual objects that
represent initiating and terminating a delivery of the medical
therapy to the patient; sensing, from a user, an actuation of the
one or more virtual objects; terminating the delivery of the
medical therapy immediately if the actuation of the one or
more virtual objects corresponds to terminating the delivery
of the medical therapy; initiating the delivery of the medical
therapy in a delayed manner if the actuation of the one or more
virtual objects corresponds to starting the delivery of the
medical therapy: monitoring a battery level of the electronic
programmer; and performing at least one of the following
tasks if the battery level is lower than a target battery level:
disallowing programming of the electronic programmer, ter
minating the delivery of an existing medical therapy; and
precluding the delivery of a prospective medical therapy.
0006 Yet another one of the broader forms of the present
disclosure involves a method of providing safety controls for
an electronic programmer configured to program an implant
able medical device. The method includes: receiving a
request, from a user via a touch screen interface of the elec
tronic programmer, to start or stop an electrical stimulation
program; determining whether the user intends to start the
electrical stimulation program or to stop the electrical stimu
lation program; if it has been determined that the user intends
to start the electrical stimulation program, starting the elec
trical stimulation program if the request indicates that the
touch screen interface has been engaged by the user for a
period of time exceeding a predefined threshold; if it has been
determined that the user intends to stop the electrical stimu
lation program, stopping the electrical stimulation program
immediately; querying a battery level of the electronic pro
grammer, and performing at least one of the following actions
if the battery level obtained by the querying is less than a
predefined battery level: disabling programming of the elec
tronic programmer, stopping an electrical stimulation pro
gram in progress, and preventing activation of a prospective
electrical stimulation program.
0007. One more of the broader forms of the present dis
closure involves an electronic apparatus for programming an
implantable medical device to provide a stimulation therapy
for a patient. The electronic apparatus includes: user interface
means for communicating with a user; memory storage
means for storing executable instructions; and computer pro
cessor means executing the instructions for implementing a
plurality of Safety controls including: starting and stopping
the stimulation therapy by starting the stimulation therapy
after a predefined time delay but stopping the stimulation
therapy instantaneously; disabling programming of the elec
tronic apparatus and terminating any existing stimulation
therapy in response to a low-battery status of the electronic
apparatus; adjusting a value of a stimulation parameter of the
stimulation therapy one predetermined step at a time, each
adjustment corresponding to a separate user input; and
restricting a range in which the user can set an upper limit and
a lower limit of the stimulation parameter.
BRIEF DESCRIPTION OF THE DRAWINGS

0008 Aspects of the present disclosure are best under
stood from the following detailed description when read with
the accompanying figures. It is emphasized that, in accor
dance with the standard practice in the industry, various fea
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tures are not drawn to scale. In fact, the dimensions of the

various features may be arbitrarily increased or reduced for
clarity of discussion. In the figures, elements having the same
designation have the same or similar functions.
0009 FIG. 1 is a simplified block diagram of an implanted
medical system according to various aspects of the present
disclosure.

0010 FIGS. 2-7 are various example user interfaces for
performing safety controls according to various aspects of the
present disclosure.
0011 FIGS. 8-14 are flowcharts of various methods for
performing safety controls according to various aspects of the
present disclosure.
0012 FIG. 15 is a simplified block diagram of an elec
tronic programmer according to various aspects of the present
disclosure.

0013 FIGS. 16A and 16B are side and posterior views of
a human spine, respectively.
DETAILED DESCRIPTION

0014. It is to be understood that the following disclosure
provides many different embodiments, or examples, for
implementing different features of the invention. Specific
examples of components and arrangements are described
below to simplify the present disclosure. These are, of course,
merely examples and are not intended to be limiting. Various
features may be arbitrarily drawn in different scales for sim
plicity and clarity.
00.15 Electronic programmers have been used to config
ure or program active implanted medical devices such as
neurostimulators so that they can be operated in a certain
manner. These electronic programmers include clinician pro
grammers and patient programmers, each of which may be a
handheld device. A clinician programmer allows a medical
professional (e.g., a doctor or a nurse) to define the particular
electrical stimulation therapy to be delivered to a target area
of the patient’s body, while a patient programmer allows a
patient to alter one or more parameters of the electrical stimu
lation therapy.
0016 Over the years, these electronic programmers have
achieved significant improvements, for example, improve
ments in size, power consumption, lifetime, and ease of use.
However, existing programmers in the medical field may still
have drawbacks. One such drawback is the lack of compre
hensive safety controls. For example, the electronic program
mers may be inadvertently programmed to exceed safe or
comfortable pain/stimulation thresholds for a patient under
going treatment. As another example, the power Supply or
battery life of the electronic programmer may be depleted
while applications are still running or while the medical pro
fessional is in the middle of providing input, which may lead
to unpredictable or undesirable situations. As a further
example, if the electronic programmer utilizes a touch screen
to receive programming input—for example if gesture-sensi
tive dials or sliders are used the interpreted input corre
sponding to the user's gestures (for example, flickering ges
tures) may very well exceed the users intended input. In each
of these scenarios, the end result may be patient pain or
discomfort. Consequently, the patient may view the elec
tronic programmers or the implanted medical device as unre
liable and unsafe, while medical devices should always be,
and be seen as, reliable and safe.

0017. To overcome these problems associated with exist
ing electronic programmers, a system of safety controls is
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implemented on an electronic programmer according to vari
ous aspects of the present disclosure.
0018 Referring to FIG.1, a simplified block diagram of an
implanted medical device system 20 is illustrated to provide
an example context of the various aspects of the present
disclosure. The implanted medical system 20 includes an
implantable medical device 30, an external charger 40, a
patient programmer 50, and a clinician programmer 60. The
implantable medical device 30 can be implanted in a patients
body tissue. In the illustrated embodiment, the implantable
medical device 30 includes an implanted pulse generator
(IPG) 70 that is coupled to one end of an implanted lead 75.
The other end of the implanted lead 75 includes multiple
electrode surfaces 80 through which electrical current is
applied to a desired part of a body tissue of a patient. The
implanted lead 75 incorporates electrical conductors to pro
vide a path for that current to travel to the body tissue from the
IPG 70. Although only one implanted lead 75 is shown in
FIG. 1, it is understood that a plurality of implanted leads may
be attached to the IPG 70.

0019. Although an IPG is used here as an example, it is
understood that the various aspects of the present disclosure
apply to an external pulse generator (EPG) as well. An EPG is
intended to be worn externally to the patient’s body. The EPG
connects to one end of one or more percutaneous, or skin
penetrating, leads. The other end of the percutaneous lead is
implanted within the body and incorporates multiple elec
trode surfaces analogous in function and use to those of an
implanted lead.
0020. The external charger 40 of the medical device sys
tem 20 provides electrical power to the IPG 70. The electrical
power may be delivered through a charging coil 90. The IPG
70 may also incorporate power-storage components such as a
battery or capacitor So that it may be powered independently
of the external charger 40 for a period of time, for example
from a day to a month, depending on the power requirements
of the therapeutic electrical stimulation delivered by the IPG.
0021. The patient programmer 50 and the clinician pro
grammer 60 may be portable handheld devices that can be
used to configure the IPG 70 so that the IPG 70 can operate in
a certain way. The patient programmer 50 is used by the
patient in whom the IPG 70 is implanted. The patient may
adjust the parameters of the stimulation, such as by selecting
a program, changing its amplitude, frequency, and other
parameters, and by turning stimulation on and off. The clini
cian programmer 60 is used by a medical personnel to con
figure the other system components and to adjust stimulation
parameters that the patient is not permitted to control. Such as
by setting up stimulation programs among which the patient
may choose, selecting the active set of electrode surfaces in a
given program, and by setting upper and lower limits for the
patient’s adjustments of amplitude, frequency, and other
parameters.

0022. In the embodiments discussed below, the clinician
programmer 60 is used as an example of the electronic pro
grammer for which safety controls can be implemented.
However, it is understood that the safety controls according to
the present disclosure may also be implemented in the patient
programmer 50 or other touch screen programming devices
(such as Smart-phones or tablet computers) in other embodi
ments. Regardless of the programming device used, the safety
controls of the present disclosure are implemented through a
touch screen or touch-sensitive user interface installed on the

programming device.
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in FIG. 2, the programming box 140 contains buttons 141-142

sistencies, since the presently programmed stimulation cur
rent value should lie between the upper and lower limits. The
reason for the lower limit is for the physician to mark the
current level that the patient begins to perceive stimulation.
Anything below that is not felt therefore is not a desired
stimulation amplitude. The reason for the upper limit is that
anything above that is painful for the patient.
0029. According to another aspect of the safety controls of
the present disclosure, the incrementing/decrementing of the
value of the stimulation current is done one step at a time. As
discussed above, the step may be a predefined unit Such as
0.01 mA. Thus, each press of the button 141 or 142 (or a flip
of the toggle Switch, in embodiments where the toggle Switch
is used) results in the value of the stimulation current being
incremented or decremented only by one unit, even if the
button 141 or 142 is held down continuously. Stated differ
ently, holding down the button 141 or 142 will not result in the
value of the programmed Stimulation current to be incre
mented or decremented continuously. This aspect of the
safety controls helps prevent accidental or unintentional over
stimulation (i.e., by incrementing the current too fast) or
understimulation (i.e., by decrementing the current too fast).

that are used to increment and decrement the value of the

Instead, since the stimulation current is incremented one

stimulation current shown in the programming box 130. Each
press of the button 141 or 142 increments or decrements the
value of the stimulation current by a predefined unit, for
example 0.01 mA.
0025. In alternative embodiments, other suitable visual
mechanisms may be used to increment and decrement the
value of the stimulation current. For example, a spring-loaded
toggle Switch (not illustrated herein) that can be flipped up or
down from a resting center position may be used. The toggle
Switch normally rests in a center position. When the toggle
Switch is flipped up, it corresponds to incrementing the stimu
lation current. When the toggle switch is flipped down, it
corresponds to decrementing the stimulation current. In more
alternative embodiments, the visual mechanism may include

Small step at a time, its value changes slowly, which gives the
patient and the user of the electronic programmer ample time
to make appropriate adjustments.
0030. According to yet another aspect of the safety con
trols of the present disclosure, the run/stop button 145
employs a delayed start, while stopping is instantaneous. For
example, to start a stimulation program, the run/stop button
needs to be held down for longer than a predetermined period
of time. The predetermined period of time may be a few

0023 FIGS. 2-7 are examples of user interfaces 100 that
illustrate various aspects of safety controls according to the
present disclosure. In more detail, referring to FIG. 2, the user
interface 100A illustrate how a user (e.g., a medical profes
sional) can program Stimulation parameters for an implanted
lead 110. The lead 110 may be a paddle lead, as is shown in the
example of FIG. 2, or other types of suitable leads. The lead
110 may contain a plurality of electrode contacts 120 through
which electrical current may be delivered to the patients
target tissue areas, thereby helping the patient achieve pares
thesia and relieve pain. Each electrode contact 120 may be
configured to be a cathode (indicated by the “-” sign) or an
anode (indicated by the "+" sign), so that the electrode contact
can either sink or source current. The amount of current Sunk

or sourced by the electrode contact being programmed is
shown in a programming box 130. As an example, a selected
electrode contact (“Contact 4) of FIG. 2 is being pro
grammed to have an electrical current of 1.53 milliamps
(mA).
0024. A programming box 140 is used to set the value of
the stimulation electrical current. In the embodiment shown

a slider.

0026. The programming box 140 also contains a run/stop
button 145. The run/stop button 145 is used to run a stimula
tion program or to stop a stimulation program. In other
embodiments, the run/stop button 145 may be implemented
as two separate buttons, one serving as the “run” button, while
the other serving as the “stop” button.
0027 Still referring to FIG. 2, the user interface 100A also
shows a programming box 150, which allows the user to set
an upper limit and a lower limit for the amount of the pro
grammed electrical stimulation current. These upper and
lower stimulation current limits may be programmed by a
sliding bar, as shown in FIG. 2, or by other suitable mecha
nisms (for example text fields) in other embodiments. As the
user drags his finger across the sliding bar, different upper and
lower limits may be set for the programmed stimulation cur
rent.

0028. According to one aspect of the safety controls of the
present disclosure, the upper limit of the stimulation current
cannot be changed to a value less than the presently pro
grammed value, and the lower limit of the stimulation current
cannot be changed to a value greater than the presently pro
grammed value. In other words, the upper limit cannot be
programmed to be less than 1.53 mA, and the lower limit
cannot be programmed to be greater than 1.53 mA in the
example illustrated in FIG. 2. These restrictions on the pro
grammed current limits are imposed to prevent logical incon

seconds in Some embodiments. In this manner, if a user

merely taps or presses the run/stop button 145 briefly, the
stimulation program will not be executed. This safety control
feature ensures that the execution of the stimulation program
is most likely intentional—since the button was held down for
a while—rather than accidental or inadvertent. Meanwhile,

the stimulation program may be immediately halted by a
mere tapping or pressing of the run/stop button 145. Stated
differently, the stopping of the stimulation program is instan
taneous. This safety control feature ensures that the patient
can be relieved from undesirable stimulation as quickly as
possible.
0031 Referring now to FIG. 3, the user interface 100B
displays a warning message 160 when a battery of the elec
tronic programmer is running low. In some embodiments, the
battery level of the electronic programmer is periodically
queried (note that the periodic querying herein need not nec
essarily be performed at evenly-spaced time intervals). When
the querying results indicate that the battery level has dropped
below a predefined threshold, for example 5% or 10% of its
full capacity, the user interface 100B displays the warning
message 160 to alert the user of the electronic programmer of
the low battery status. This low-battery warning feature may
not be commonly available on conventional electronic pro
grammers for medical devices. Here, it serves a useful pur
pose as it gives the user an opportunity to remedy the low
battery situation (for example by recharging it) before the low
battery situation causes problems.
0032. If the low battery situation is not timely resolved,
another safety control feature of the present disclosure
involves preventing the programming of stimulation param
eters while the battery level is extra low. For example, refer
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ring to FIG. 4, the user interface 100C displays an error
message 170 if the user attempts to program stimulation
parameters while the battery level is extra low, which is below
another predefined threshold that is even less than the pre
defined threshold for which a warning is displayed. For
instance, a 10% battery level may be considered low battery
to trigger a low-battery warning, whereas a 2% battery level
may be considered an extra-low battery to trigger the extra
low battery error message 170. The error message 170 may
read, as an example, "Error! Programming Prevented Due to
Low Battery.”
0033. The safety control feature illustrated in FIG.4 helps
prevent erroneous or incomplete programming. In conven
tional electronic programmers where Such feature is not
implemented, a Sudden unexpected death of the battery may
occur. When that happens, it may result in incomplete and/or
unpredictable stimulation programming, which may cause
unnecessarily prolonged pain or discomfort for the patient.
The electronic programmer of the present disclosure avoids
Such problems by effectively not allowing a user to engage in
the dangerous and risky task of programming stimulation
parameters while the battery of the programmer is running
extra low.

0034 Similarly, another safety control feature of the
present disclosure involves preventing the activation of
stimulation tests when the battery level is extra low. For
example, referring to FIG. 5, the user interface 100D displays
an error message 180 if the user attempts to activate a stimu
lation test while the battery level is extra low. The error
message 180 may read, as an example, "Error Activation
Prevented Due to Low Battery.” This safety control feature
helps prevent a scenario (possible with conventional pro
grammers) where the battery of the electronic programmer
runs out during a stimulation test. In that scenario, the stimu
lation may continue for a short period of time even though the
electronic programmer can no longer control the stimulation.
If the patient finds the stimulation uncomfortable, he will
unfortunately have to suffer through the uncomfortable
stimulation until the stimulation ends. In comparison, this
safety control feature herein prevents such scenario from
occurring in the first place.
0035. Yet another safety control feature of the present
disclosure involves automatically stopping the stimulation
tests when the battery level is extra low. For example, refer
ring to FIG. 6, if a stimulation test is in progress, and the
battery of the electronic programmer reaches an extra low
level status, the user interface 100E may display a warning
message 190 to the user. The warning message 190 may read,
as an example, “Warning Test Stopped Due to Low Battery.”
Meanwhile, the stimulation test is automatically shut down in
a graceful manner. This safety control feature helps prevent
Sudden and unexpected stop of stimulation tests. In more
detail, without this safety feature, and the programmer
abruptly shuts down the stimulation test due to low battery, it
may be uncomfortable for the patient. Here, the stimulation
tests may be shut down more gradually, for example in a
“ramp down” mode. Such shutdown of stimulation provides
the patients a more pleasant experience than a Sudden and
abrupt shutdown, which is outside the control of the clinician
programmer.

0036) Another safety control feature of the present disclo
Sure involves preventing a user from making certain changes
to stimulation parameter limits during stimulation. For
example, referring to FIG. 7, if the user attempts to set param
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eter limits outside existing limits while a stimulation test is in
progress, the new parameter limits will not be set, and the user
interface 100F may display an error message 200 that reads,
for example, "Error! New Limits Outside Limits of
In-Progress Test.” For example, if the existing upper limit for
stimulation current is 2 mA, and the user attempts to change
the upper limit to 4 mA during stimulation, the user interface
100F may display the error message 200 to the user and will
not allow the new upper limit to be entered.
0037. These various safety features discussed above and
their respective methods of operation are illustrated in FIGS.
8-14, which contain flowcharts. These flowcharts will now be
described in more detail below.

0038 FIG. 8 is a flowchart of a method 200 of implement
ing stimulation parameter limit safety controls according to
the various aspects of the present disclosure. As discussed
above with reference to FIG. 2, if a user wishes to set new

stimulation parameter limits, the new upper limit should be
greater than the existing upper limit, and the new lower limit
should be less than the existing lower limit. In more detail, the
method 200 begins with a step 202. Thereafter, the user—
which may be a medical professional Such as a physician or a
nurse—edits the parameter limits in step 204. In a decision
step 206, a determination is made as to whether the new limit
entered is an upper limit or a lower limit. If it is the upper limit
that is being edited, the method 200 proceeds to step 208,
which is another decision step to determine whether the new
limit entered is lower than the existing upper limit. If the
answer is yes, then the method 200 proceeds to step 210, in
which an error message is displayed to the user. The upper
limit remains unchanged in step 212. On the other hand, if the
decision step 208 determines that the new upper limit entered
is not lower than the existing upper limit, then the method 200
proceeds to step 214, in which the upper limit is edited (i.e.,
the new upper limit is accepted). The method 200 may then
finish at step 216.
0039 Similarly, going back to the decision step 206, if it is
the lower limit that is being edited, the method 200 proceeds
to step 218, which is another decision step to determine
whether the lower limit entered is greater than the existing
lower limit. If the answer is yes, then the method 200 pro
ceeds to step 220, in which an error message is displayed to
the user. The upper limit remains unchanged in step 222. On
the other hand, if the decision step 218 determines that the
new lower limit entered is not greater than the existing lower
limit, then the method 200 proceeds to step 214 again, in
which the lower limit is edited (i.e., the new lower limit is
accepted). The method 200 may then finish again at step 216.
0040 FIG. 9 is a flowchart of a method 250 of increment
ing or decrementing the value of a stimulation parameter
using a visual mechanism according to the various aspects of
the present disclosure. As discussed above with reference to
FIG. 2, the visual mechanism may be “up' and “down” but
tons, a spring-loaded toggle Switch, a slider, or another Suit
able virtual or physical mechanism. Regardless of the mecha
nism employed, the incrementing and decrementing of the
value of the stimulation parameter occurs one Small pre
defined step at a time. In other words, the user needs to
repeatedly perform the appropriate incrementing/decrement
ing actions (for example pressing the up/down buttons or
flipping the toggle Switch) until the target value is reached.
0041 An embodiment of this aspect of operation is
reflected in the flowchart of the method 250. The method 250

begins with step 252. Thereafter, in step 254, the user's move
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ment of the slider (or any other suitable mechanism) is
detected. The method 250 then proceeds to a decision step
256 to determine whether the target value for the stimulation
parameter is reached. If the answer is no, then the method
proceeds back to step 254, in which the user needs to move the
slider again. If the answer is yes, then the method 250 is
finished at step 258.
0042 FIG. 10 is a flowchart of a method 300 of running/
stopping stimulation according to the various aspects of the
present disclosure. As discussed above with reference to FIG.
2, the run/stop button has to be held down for some length of
time in order to start stimulation, since the delayed start of the
stimulation helps prevent accidental stimulation. On the other
hand, a single press or tapping of the run/stop button stops
stimulation immediately, since the quick shut-down of the
stimulation allows the user to end painful or uncomfortable
stimulation to the patient as soon as possible.
0043. An embodiment of this aspect of operation is
reflected in the flowchart of the method 300. The method 300

begins with step 302, in which a user's engagement of the
run/stop button is detected. The user's engagement of the
run/stop button may be a tapping or pressing of the run/stop
button, for example. The method 300 continues with a deci
sion step 304 to determine whether a stimulation test is cur
rently in progress. If the answer is yes, then the method 300
proceeds to step 306, in which the stimulation test is imme
diately stopped (i.e., the stimulation test is deactivated). If the
answer is no, then the method 300 proceeds to another deci
sion step 308 to determine whether the run/stop button has
been held down for a period of time. The period of time
required for the run/stop button to be pressed down may need
to exceed a predefined threshold (e.g., a few seconds or
longer) in order to run the stimulation test. If the answer from
the decision step 308 is no, then the method 300 proceeds to
step 310, in which nothing happens (i.e., no stimulation is
run). If the answer from the decision step is yes, then the
method 300 proceeds to step 312, in which the stimulation
test starts to run (i.e., stimulation is activated).
0044 FIG. 11 is a flowchart of a method 350 of disabling
stimulation parameter programming in response to an extra
low programmer battery level according to the various
aspects of the present disclosure. As discussed above with
reference to FIG.4, when the battery level for the electronic
programmer is running extra-low, for example below a cer
tain predefined threshold level, an error message is displayed
to the user, and stimulation parameter programming will be
disabled.

0045 An embodiment of this aspect of operation is
reflected in the flowchart of the method 350. The method 350

begins with step 352. Thereafter, the method 350 proceeds to
a decision step 354 to determine whether the battery level is
running extra low. If the answer from the decision step 354 is
no, then the method 350 proceeds to step 356, in which the
stimulation parameter programming is enabled. If the answer
from the decision step 354 is yes, then the method 350 pro
ceeds to step 358, in which the stimulation parameter pro
gramming is disabled.
0046 FIG. 12 is a flowchart of a method 400 of preventing
stimulation and stopping in-progress tests in response to an
extra low programmer battery level according to the various
aspects of the present disclosure. As discussed above with
reference to FIGS. 5 and 6, when the battery level for the
electronic programmer is running extra-low, for example
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below a certain predefined threshold level, an error message is
displayed to the user, and stimulation will be automatically
stopped.
0047. An embodiment of this aspect of operation is
reflected in the flowchart of the method 400. The method 400

includes sub-methods 400A and 400B, which correspond to a
“Test In Progress' scenario and a “Test Not In Progress'
scenario, respectively. The sub-method 400A begins with
step 402, in which a stimulation test is already in progress.
The sub-method 400A continues to a decision step 404 to
determine whether an extra-low battery level has been
reached. If the answer is no, then the sub-method 400A con

tinues with step 406 to proceed with the stimulation test. If the
answer is yes, then the sub-method 400A continues with step
408 to display an error message to the user and cancels the
stimulation in step 410.
0048. The sub-method 400B begins with step 412, in
which a user's attempt to start stimulation is detected, for
example by detecting that the user has held down the run/stop
button. The sub-method 400B continues to a decision step
414 to determine whether an extra-low battery level has been
reached. If the answer is no, then the sub-method 400B con

tinues with step 416 to activate the stimulation test. If the
answer is yes, then the sub-method 400B continues with step
418 to display an error message to the user. Correspondingly,
no stimulation will occur, as is indicated by step 420.
0049 FIG. 13 is a flowchart of a method 450 for perform
ing battery level safety management according to various
aspects of the present disclosure. Certain aspects of the meth
ods 350 and 400 discussed above are also integrated and
reflected in the method 450. The method 450 begins with step
452. In step 454, the battery level of the electronic program
mer is queried. In response to the queried battery level, the
method 450 proceeds to a decision step 456 to determine
whether the battery level is normal, low, or extra low. If the
answer from the decision step 456 is that the battery level is
normal, then the method 450 proceeds to step 458, in which
no action will be taken, and the method 450 loops back to step
454 to query the battery level again. If the answer from the
decision step 456 is that the battery level is low, then the
method 450 proceeds to step 460, in which a low battery level
warning is dispatched. Thereafter, the method 450 loops back
to step 454 to query the battery level again. If the answer from
the decision step 456 is that the battery level is extra-low, then
the method 450 proceeds to step 462, in which an extra-low
battery level warning is dispatched. The method 450 then
proceeds to step 464 to cancel in-progress tests and prevents
stimulation programming and new tests. Thereafter, the
method 450 loops back to step 454 to query the battery level
aga1n.

0050 FIG. 14 is a flowchart of a method 500 for providing
safety controls for an electronic programmer configured to
program an implantable medical device according to various
aspects of the present disclosure. The electronic programmer
may be a portable handheld clinician programmer in some
embodiments. The method 500 includes a step 505, in which
a user request to start or stop an electrical stimulation program
is received via a touch screen interface of the electronic pro
grammer. In some embodiments, the user is a medical pro
fessional. The method 500 proceeds to a decision step 510 to
determine whether the user wants to start the electrical stimu

lation program or to stop the electrical stimulation program. If
the step 510 determines that the user wants to stop an already
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active electrical stimulation program, then the method 500
proceeds to step 515, in which the electrical stimulation pro
gram is stopped immediately.
0051. On the other hand, if the step 510 determines that the
user wants to start an electrical stimulation program when no
Such program is in progress yet, then the method 500 pro
ceeds to a decision step 520 to determine whether the touch
screen interface has been engaged by the user for a sufficient
time period. If the answer from the decision step 520 is no,
then nothing will be done, as reflected in step 525. But if the
answer from the decision step 520 is yes, then the electrical
stimulation program will be started in step 530.
0052. The method 500 also includes a step 550, in which a
battery level of the electronic programmer is queried periodi
cally (though not necessarily at evenly-spaced time intervals).
Thereafter, the method 500 proceeds to step 555 to performat
least one of the following actions if the battery level obtained
by the querying is less than a predefined battery level: dis
abling programming of the electronic programmer, stopping
an existing stimulation test in progress, and preventing acti
Vation of a prospective stimulation test. In some embodi
ments, the step 55 may also include shutting down the various
electronic components of the electronic programmer one or
more components at a time in response to a detected low
battery level. In other words, when the battery gets low, the
electronic programmer begins shutting itself down, starting
with less critical components and moving towards the more
critical components in a gradual manner. As the battery level
becomes lower and lower, more and more electronic compo
nents may be shut down.
0053. It is understood that the method 500 may include
additional steps that are performed before, during, or after the
steps 505-555 discussed above. For example, in some
embodiments, the method 500 may include an additional step
in which a value of a stimulation parameter is incremented or
decremented one predefined step at a time. Each decrement or
increment of the stimulation parameter requires a separate
user action, for example a click or press of a button via the
touch screen interface. As another example, the method 500
may include an additional method step that prevents the user
from setting an upper limit of a stimulation parameter to a
value less than an existing value of the stimulation parameter.
Such method step may also prevent the user from setting a
lower limit of a stimulation parameter to a value greater than
the existing value of the stimulation parameter.
0054 FIG. 15 shows a block diagram of one embodiment
of the clinician programmer (CP) 60 (FIG. 18) that can be
used to perform the safety control methods discussed above.
It is understood, however, that alternative embodiments of the

CP may be used to perform these safety control methods too.
0055. The CP includes a printed circuit board (“PCB)
that is populated with a plurality of electrical and electronic
components that provide power, operational control, and pro
tection to the CP. With reference to FIG. 15, the CP includes

a processor 600. The processor 600 controls the CP. In one
construction, the processor 600 is an applications processor
model i.MX515 available from Freescale Semiconductor(R).

More specifically, the i.MX515 applications processor has
internal instruction and data caches, multimedia capabilities,
external memory interfacing, and interfacing flexibility. Fur
ther information regarding the i.MX515 applications proces
sor can be found in, for example, the “IMX51OEC, Rev. 4”
data sheet dated August 2010 and published by Freescale
Semiconductor(R) at www.freescale.com. The content of the
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data sheet is incorporated herein by reference. Of course,
other processing units, such as other microprocessors, micro
controllers, digital signal processors, etc., can be used in
place of the processor 600.
0056. The CP includes memory, which can be internal to
the processor 600 (e.g., memory 605), external to the proces
sor 600 (e.g., memory 610), or a combination of both. Exem
plary memory include a read-only memory (“ROM'), a ran
dom access memory (“RAM), an electrically erasable
programmable read-only memory (“EEPROM), a flash
memory, a hard disk, or another Suitable magnetic, optical,
physical, or electronic memory device. The processor 600
executes software that is capable of being stored in the RAM
(e.g., during execution), the ROM (e.g., on a generally per
manent basis), or another non-transitory computer readable
medium such as another memory or a disc. The CP also
includes input/output (“I/O”) systems that include routines
for transferring information between components within the
processor 600 and other components of the CP or external to
the CP.

0057 Software included in the implementation of the CP
is stored in the memory 605 of the processor 600, RAM 610,
ROM 615, or external to the CP. The software includes, for

example, firmware, one or more applications, program data,
one or more program modules, and other executable instruc
tions. The processor 600 is configured to retrieve from
memory and execute, among other things, instructions related
to the control processes and methods described below for the
CP.

0058. One memory shown in FIG. 15 is memory 610,
which may be a double data rate (DDR2) synchronous
dynamic random access memory (SDRAM) for storing data
relating to and captured during the operation of the CP. In
addition, a secure digital (SD) multimedia card (MMC) may
be coupled to the CP for transferring data from the CP to the
memory card via slot 615. Of course, other types of data
storage devices may be used in place of the data storage
devices shown in FIG. 15.

0059. The CP includes multiple bi-directional radio com
munication capabilities. Specific wireless portions included
with the CP are a Medical Implant Communication Service
(MICS) bi-directional radio communication portion 620, a
WiFi bi-directional radio communication portion 625, and a
Bluetooth bi-directional radio communication portion 630.
The MICS portion 620 includes a MICS communication
interface, an antenna Switch, and a related antenna, all of

which allows wireless communication using the MICS speci
fication. The WiFi portion 625 and Bluetooth portion 630
include a WiFi communication interface, a Bluetooth com
munication interface, an antenna Switch, and a related
antenna all of which allows wireless communication follow

ing the WiFi Alliance standard and Bluetooth Special Interest
Group standard. Of course, other wireless local area network
(WLAN) standards and wireless personal area networks
(WPAN) standards can be used with the CP.
0060. The CP includes three hard buttons: a “home' but
ton 635 for returning the CP to a home screen for the device,
a “quick off button 640 for quickly deactivating stimulation
IPG, and a “reset' button 645 for rebooting the CP. The CP
also includes an “ON/OFF' switch 650, which is part of the
power generation and management block (discussed below).
0061 The CP includes multiple communication portions
for wired communication. Exemplary circuitry and ports for
receiving a wired connector include a portion and related port
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for supporting universal serial bus (USB) connectivity 655,
including a Type A port and a Micro-B port; a portion and
related port for supporting Joint Test Action Group (JTAG)
connectivity 660, and a portion and related port for support
ing universal asynchronous receiver/transmitter (UART)
connectivity 665. Of course, other wired communication
standards and connectivity can be used with or in place of the
types shown in FIG. 15.
0062 Another device connectable to the CP, and therefore
supported by the CP is an external display. The connection to
the external display can be made via a micro High-Definition
Multimedia Interface (HDMI) 670, which provides a com
pact audio/video interface for transmitting uncompressed
digital data to the external display. The use of the HDMI
connection 670 allows the CP to transmit video (and audio)
communication to an external display. This may be beneficial
in situations where others (e.g., the Surgeon) may want to
view the information being viewed by the healthcare profes
sional. The Surgeon typically has no visual access to the CP in
the operating room unless an external screen is provided. The
HDMI connection 670 allows the surgeon to view informa
tion from the CP, thereby allowing greater communication
between the clinician and the Surgeon. For a specific example,
the HDMI connection 670 can broadcast a high definition
television signal that allows the Surgeon to view the same
information that is shown on the LCD (discussed below) of
the CP.

0063. The CP includes a touch screen I/O device 675 for

providing a user interface with the clinician. The touchscreen
display 675 can be a liquid crystal display (LCD) having a
resistive, capacitive, or similar touch-screen technology. It is
envisioned that multitouch capabilities can be used with the
touchscreen display 675 depending on the type oftechnology
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patient programmer. For example, the safety controls may be
implemented on the clinician orpatient programmers through
an appropriate user interface. Such as those shown in FIGS.
2-7 discussed above.

0068. Furthermore, though the various safety controls
concepts of the present disclosure are explained using an
implanted pulse generator (IPG) as an example, it is under
stood that these safety controls concepts may apply to other
types of implanted medical devices as well. Such as pacemak
ers, etc.

0069 FIG. 16A is a side view of a spine 1000, and FIG.
16B is a posterior view of the spine 1000. The spine 1000
includes a cervical region 1010, a thoracic region 1020, a
lumbar region 1030, and a sacrococcygeal region 1040. The
cervical region 1010 includes the top 7 vertebrae, which may
be designated with C1-C7. The thoracic region 1020 includes
the next 12 vertebrae below the cervical region 1010, which
may be designated with T1-T12. The lumbar region 1030
includes the final 5 “true' vertebrae, which may be designated
with L1-L5. The sacrococcygeal region 1040 includes 9 fused
vertebrae that make up the sacrum and the coccyx. The fused
vertebrae of the sacrum may be designated with S1-S5.
0070 Neural tissue (not illustrated for the sake of simplic
ity) branch off from the spinal cord through spaces between
the vertebrae. The neural tissue can be individually and selec
tively stimulated in accordance with various aspects of the
present disclosure. For example, referring to FIG. 16B, an
IPG device 1100 is implanted inside the body. The IPG device
1100 may include a neurostimulator device. A conductive
lead 1110 is electrically coupled to the circuitry inside the
IPG device 1100. The conductive lead 1110 may be remov
ably coupled to the IPG device 1100 through a connector, for
example. A distal end of the conductive lead 1110 is attached

used.

to one or more electrodes 1120. The electrodes 1120 are

0064. The CP includes a camera 680 allowing the device
to take pictures or video. The resulting image files can be used
to document a procedure oran aspect of the procedure. Other
devices can be coupled to the CP to provide further informa
tion, such as scanners or RFID detection. Similarly, the CP
includes an audio portion 685 having an audio codec circuit,
audio power amplifier, and related speaker for providing
audio communication to the user, such as the clinician or the

implanted adjacent to a desired nerve tissue in the thoracic
region 1020. Using well-established and known techniques in
the art, the distal end of the lead 1110 with its accompanying
electrodes may be positioned along or near the epidural space
of the spinal cord. It is understood that although only one
conductive lead 1110 is shown herein for the sake of simplic
ity, more than one conductive lead 1110 and corresponding
electrodes 1120 may be implanted and connected to the IPG

Surgeon.

device 1100.

0065. The CP further includes a power generation and
management block 690. The power block 690 has a power
Source (e.g., a lithium-ion battery) and a power Supply for
providing multiple power Voltages to the processor, LCD
touch screen, and peripherals.
0066. In one embodiment, the CP is a handheld computing
tablet with touch screen capabilities. The tablet is a portable
personal computer with a touch screen, which is typically the
primary input device. However, an external keyboard or

(0071. The electrodes 1120 deliver current drawn from the
current sources in the IPG device 1100, therefore generating

mouse can be attached to the CP. The tablet allows for mobile

functionality not associated with even typical laptop personal
computers. The hardware may include a Graphical Process
ing Unit (GPU) in order to speed up the user experience. An
Ethernet port (not shown in FIG. 15) may also be included for
data transfer.

0067. It is understood that a patient programmer may be
implemented in a similar manner as the clinician programmer
shown in FIG. 15. Also, according to the present disclosure,
the various safety controls methods discussed above with
reference to FIGS. 8-14 may be implemented in an electronic
device Such as the clinician programmer 60 or a suitable

an electric field near the neural tissue. The electric field stimu

lates the neural tissue to accomplish its intended functions.
For example, the neural stimulation may alleviate pain in an
embodiment. In other embodiments, a stimulator may be
placed in different locations throughout the body and may be
programmed to address a variety of problems, including for
example but without limitation; prevention or reduction of
epileptic seizures, weight control or regulation of heartbeats.
0072. It is understood that the IPG device 1100, the lead
1110, and the electrodes 1120 may be implanted completely
inside the body, may be positioned completely outside the
body or may have only one or more components implanted
within the body while other components remain outside the
body. When they are implanted inside the body, the implant
location may be adjusted (e.g., anywhere along the spine
1000) to deliver the intended therapeutic effects of spinal cord
electrical stimulation in a desired region of the spine. Further
more, it is understood that the IPG device 1100 may be
controlled by a patient programmer or a clinician program
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mer 1200, the implementation of which may be similar to the
clinician programmer shown in FIG. 15.
0073. The foregoing has outlined features of several
embodiments so that those skilled in the art may better under
stand the detailed description that follows. Those skilled in
the art should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other pro
cesses and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled in the art should also realize

that Such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, Substitutions and alterations herein
without departing from the spirit and scope of the present
disclosure.
What is claimed is:

1. An electronic device configured to program a medical
device implantable in a patient, the electronic device com
prising:
a touch screen display configured to communicate with a
user,

a memory storage component configured to store program
ming code; and
a computer processor configured to execute the program
ming code to perform the following tasks:
detecting a user input through the touch screen display,
wherein the detecting is performed at least in part by
measuring an amount of time the touchscreen display
is engaged as a part of the user input;
determining whether the medical device is running a
treatment for the patient when the user input is
detected;

instructing the medical device to stop the treatment if the
treatment is running, wherein the stopping of the
treatment is performed immediately after the user
input is detected;
instructing the medical device to start the treatment if no
treatment is running and if the amount of time the
touch screen display is engaged as a part of the user
input exceeds a predetermined limit;
instructing the medical device to perform no treatment if
the amount of time the touch screen display is
engaged as a part of the user input does not exceed the
predetermined limit;
determining whether the electronic device has a low
battery status; and
implementing one of the following measures in response
to the low-battery status of the electronic device:
disabling programming of the electronic device;
stopping an ongoing treatment; and
preventing a prospective treatment.
2. The electronic device of claim 1, wherein the treatment

comprises one or more stimulation parameters, and further
comprising:
changing a value of the one or more stimulation parameters
by one predefined step at a time in response to one or
more user actions.

3. The electronic device of claim 2, wherein each change of
the value of the one or more stimulation parameters corre
sponds to a different one of the user actions.
4. The electronic device of claim 1, wherein the treatment

comprises one or more stimulation parameters, and further
comprising:
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restricting a configurable range of an upper limit or a lower
limit of one of the stimulation parameters.
5. The electronic device of claim 4, wherein the restricting
comprises:
restricting the configurable range of the upper limit of the
stimulation parameter to be greater than or equal to a
current value of the stimulation parameter; and
restricting the configurable range of the lower limit of the
stimulation parameter to be less than or equal to the
current value of the stimulation parameter.
6. The electronic device of claim 1, wherein the detecting
the user input comprises detecting a click of a virtual button
on the touch screen display.
7. The electronic device of claim 1, wherein the determin

ing whether the electronic device has a low-battery status
comprises:
continuously monitoring an amount of charge of a battery
of the electronic device; and

deeming that the low-battery status has been achieved if the
amount of charge of the battery is less than a predeter
mined amount of charge.
8. The electronic device of claim 1, wherein:

the electronic device includes a portable handheld clinician
programmer,

the user includes a healthcare personnel; and
the medical device includes a neurostimulator.

9. A medical system, comprising:
an implantable medical device configurable to deliver a
medical therapy to a patient, the medical therapy includ
ing a plurality of configurable therapy parameters; and
an electronic programmer communicatively coupled to the
medical device, wherein the electronic programmer is
programmable to configure the therapy parameters of
the medical therapy, and wherein the electronic pro
grammer includes a touch-sensitive user interface con
figured to perform the following actions:
displaying one or more virtual objects that represent
initiating and terminating a delivery of the medical
therapy to the patient;
sensing, from a user, an actuation of the one or more
virtual objects;
terminating the delivery of the medical therapy imme
diately if the actuation of the one or more virtual
objects corresponds to terminating the delivery of the
medical therapy:
initiating the delivery of the medical therapy in a delayed
manner if the actuation of the one or more virtual

objects corresponds to starting the delivery of the
medical therapy:
monitoring a battery level of the electronic programmer;
and

performing at least one of the following tasks if the
battery level is lower than a target battery level:
disallowing programming of the electronic program
mer,

terminating the delivery of an existing medical
therapy; and
precluding the delivery of a prospective medical
therapy.
10. The medical system of claim 9, further comprising:
configuring one of the therapy parameters so a value of the
therapy parameter is adjusted one predefined step at a time,
wherein each step corresponds to a separate user input.
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11. The medical system of claim 9, further comprising:
preventing a prospective upper limit of one of the therapy
parameters from being configured to be less than a cur
rent value of the therapy parameter, and
preventing a prospective lower limit of one of the therapy
parameters from being configured to be greater than the
current value of the therapy parameter.
12. The medical system of claim 9, wherein the one or more
virtual objects comprise a start/stop virtual button.
13. The medical system of claim 12, wherein the actuation
of the one or more virtual objects comprises a press of the
start/stop button.
14. The medical system of claim 13, wherein the sensing
comprises measuring how long the start/stop button is
pressed.
15. The medical system of claim 14, wherein the initiating
the delivery of the medical therapy in a delayed manner
comprises delaying the delivery of the medical therapy until
after the start/stop button has been continuously pressed for a
predefined length of time.
16. The medical system of claim 9, wherein the electronic
programmer is coupled to the medical device through a wire
less telecommunications protocol.
17. The medical system of claim 9, wherein:
the electronic device includes a portable handheld clinician
programmer,

the user includes a medical professional; and
the medical device includes an implantable pulse genera
tOr.

18. A method of providing safety controls for an electronic
programmer configured to program an implantable medical
device, comprising:
receiving a request, from a user via a touchscreen interface
of the electronic programmer, to start or stop an electri
cal stimulation program;
determining whether the user intends to start the electrical
stimulation program or to stop the electrical stimulation
program;
if it has been determined that the user intends to start the

electrical stimulation program, starting the electrical
stimulation program if the request indicates that the
touch screen interface has been engaged by the user for
a period of time exceeding a predefined threshold;
if it has been determined that the user intends to stop the
electrical stimulation program, stopping the electrical
stimulation program immediately;
querying a battery level of the electronic programmer, and
performing at least one of the following actions if the
battery level obtained by the querying is less than a
predefined battery level: disabling programming of the
electronic programmer, stopping an electrical stimula
tion program in progress, and preventing activation of a
prospective electrical stimulation program.
19. The method of claim 18, further comprising: incre
menting or decrementing a value of a stimulation parameter
of the electrical stimulation program one predefined step at a
time, wherein each incrementing or decrementing is invoked
after a separate user action.
20. The method of claim 19, wherein each separate user
action includes a re-engagement of the touch screen interface
by the user.
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21. The method of claim 18, further comprising:
preventing the user from setting an upper limit of a stimu
lation parameter of the electrical stimulation program to
a value less than an existing value of the stimulation
parameter, and
preventing the user from setting a lower limit of the stimu
lation parameter of the electrical stimulation program to
a value greater than the existing value of the stimulation
parameter.

22. The method of claim 18, wherein the receiving includes
detecting a user gesture performed on the touch screen inter
face.

23. The method of claim 18, wherein the determining com
prises:
deciding that the user intends to start the electrical stimu
lation program if no electrical stimulation program is in
progress; and
determining the user intends to stop the electrical stimula
tion program if at least one electrical stimulation pro
gram is in progress.
24. The method of claim 18, wherein:

the electronic programmer is a portable handheld clinician
programmer; and
the user is a medical professional.
25. The method of claim 18, further comprising: repeating
the querying at periodic time intervals.
26. An electronic apparatus for programming an implant
able medical device to provide a stimulation therapy for a
patient, the electronic apparatus comprising:
user interface means for communicating with a user;
memory storage means for storing executable instructions;
and

computer processor means executing the instructions for
implementing a plurality of safety controls including:
starting and stopping the stimulation therapy by starting
the stimulation therapy after a predefined time delay
but stopping the stimulation therapy instantaneously;
disabling programming of the electronic apparatus and
terminating any existing stimulation therapy in
response to a low-battery status of the electronic appa
ratus;

adjusting a value of a stimulation parameter of the stimu
lation therapy one predetermined step at a time, each
adjustment corresponding to a separate user input;
and

restricting a range in which the user can set an upper
limit and a lower limit of the stimulation parameter.
27. The electronic apparatus of claim 26, wherein the user
interface means comprises means for displaying a plurality of
virtual objects and means for detecting a touch from the user,
the touch corresponding to user engagement of one or more of
the virtual objects.
28. The electronic apparatus of claim 27, wherein the start
ing and stopping the stimulation therapy comprises:
measuring an amount of time in which the user engages one
of the virtual objects representing a starting of the stimu
lation therapy; and
starting the stimulation therapy after the amount of time
exceeds the predefined time delay.
29. The electronic apparatus of claim 27, wherein the
adjusting the value of a stimulation parameter is performed
Such that each separate user input includes a re-engagement
of a respective one of the virtual objects by the user.
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30. The electronic apparatus of claim 26, wherein the low
battery status of the electronic apparatus is determined by:
periodically monitoring a battery level of the electronic
apparatus; and
deeming the low-battery status has been reached when the
battery level is lower than a predefined threshold.
31. The electronic apparatus of claim 26, wherein the
restricting the range in whichauser can set the upper limit and
the lower limit of the stimulation parameter comprises:
precluding the user from setting the upper limit to be less
than a present value of the stimulation parameter; and
precluding the user from setting the lower limit to be
greater than the present value of the stimulation param
eter.

32. The electronic apparatus of claim 26, wherein:
the electronic apparatus is a clinician programmer;
the implantable medical device is a pulse generator, and
the user is a medical professional.
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